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side walls or in the invert. It is desirable to have as few different sizes of bars as practicable. In general, smaller bars closely spaced are preferable to larger bars with wide spacing A typical arrangement of the transverse steel reinforcing bars is shown for the 15-ft. 6-in. semielliptical sewer in Fig. 169.
The unit shearing stresses in voussoirs 9 and 10 (without web reinforcement) are higher than good practice allows. To insure the concrete against cracking due to excessive shearing stresses, web bars are provided to carry a portion of the shear. The masonry could have been made thicker in order to reduce the shearing stresses
The unit bond stress is such that anchorage is required for the arch and invert bars. Such anchorage is provided by the length of bars passing through that portion of the arch where there is compression over the entire section or by hooking the bars at the ends.
LONGITUDINAL STEEL REINFORCEMENT
Masonry structures of all kinds expand and contract with temperature changes. Concrete conduits or sewers are subject to temperature changes, particularly during the period of construction. The expansion of the masonry rarely causes trouble except at sharp angles, but contraction is more likely to cause difficulties
Cut-and-cover aqueducts have generally not been reinforced longitudinally. Transverse cracks appeared in the Wachusett and Weston aqueducts at dividing planes between day's work i In the Catskill aqueduct, transverse cracks were observed in a few 75-ft. sections but none in 60-ft. sections. No cracks wider than 0 04 in. were found in the Wachusett aqueduct. The aqueduct connecting the Jerome Park reservoir (N. Y) with the new Croton aqueduct was built with no allowance for temperature stresses, and only a few trivial transverse cracks developed. No expansion joints were provided in the LOB Angeles aqueduct from Owens River or in the Winnepeg aqueduct. There is ample precedent, therefore, for omitting reinforcement against temperature changes If this is done, it may be necessary to repair some cracks, particularly rf the invert, side walls, and arch ore built separately with construction joints not in the same plane.
The actual amount of steel reinforcement to be provided to resist temperature stresses is, to a certain extent, a matter of judgment. For a sewer constructed in comparatively dry soil and designed to carry both surface water and sewage, the presence of small oracles might be considered unobjectionable. Large cracks would be objectionable on account of the possible rusting of the steel reinforcement and consequent weakening of the structure. For a sewer constructed in very wet soil adjacent to a river or a creek, where it is essential to keep out as
1 FLHTN, WSBTON, and BOQBBT, "Waterworks Handbook," First Edition, 272.